Background: Sudden unexpected death in epilepsy (SUDEP) is the most common cause of death in people with epilepsy. The pathogenesis of SUDEP is still unclear. The majority of SUDEP cases occur in intractable epilepsy, especially in the aftermath of a generalized tonic-clonic seizure. We report an atypical SUDEP case with infrequent seizures in frontal lobe epilepsy. Case Report: A 14-year-old girl presented with a 13-year history of paroxysmal convulsions. She experienced three episodes within 6-10 months after birth. At 14 years old, she experienced an aggravated seizure, manifesting as unconsciousness, hyperventilation, and urinary incontinence. Electroencephalography showed spike-slow waves and slow waves with mixed asynchronized spike waves originating from the frontal lobe during the sleep stage. Transient outbreaks of spike-slow complex waves (1-2 s) were also noted in all leads. The diagnosis of frontal lobe epilepsy (generalized tonic-clonic seizures secondary to focal impaired awareness seizures and myoclonus) was made. Oral sodium valproate was prescribed. However, she suddenly died on her way to school 2 months later. Conclusion: The causes of SUDEP are complicated, and frontal lobe epilepsy may be a potential risk factor. Early diagnosis and appropriate treatment of epileptic seizures, as well as close observation, should be emphasized.
Introduction
Sudden unexpected death in epilepsy (SUDEP) is defined as sudden, unexplained, nontraumatic (e.g., head injury), and nondrowning death in an individual with epilepsy, in which the autopsy discloses no toxicological or anatomical cause. 1 The death may be witnessed or unwitnessed, and it may or may not occur after a seizure. SUDEP is the most common cause of death in patients suffering from epilepsy. 2 The pathogenetic mechanisms underlying SUDEP have still not been fully determined, but possible risk factors include the following: 1) uncontrolled or frequent seizures; 2) generalized convulsive/tonic-clonic seizures; 3) seizures beginning at a young age; 4) long epileptic course; 5) missed doses of antiepileptic drugs; and 6) alcohol abuse. [3] [4] [5] According to previous studies, the majority of SUDEP cases occur in intractable epilepsy, especially in the aftermath of a generalized tonicclonic seizure. 6 We report an atypical SUDEP case with infrequent seizures in frontal lobe epilepsy.
Case report
A 14-year-old girl presented with a 13-year history of afebrile convulsions. She experienced three episodes within 6-10 months after birth, manifesting as rolling eyes, body stiffness, and unconsciousness. Each seizure occurred during the daytime, lasted for several minutes, and spontaneously resolved. No antiepileptic drugs were used.
At the age of 13 years, the convulsions relapsed, manifesting as turning of the eyes, asynchronous jerks of the limbs, and disturbance of consciousness. Prior to admission to our hospital, she experienced convulsions again, manifesting as unconsciousness, collapse, hyperventilation, and urinary incontinence. The previous medical history was unremarkable. There was no cardiac, pulmonary, or hepatorenal disease. A physical examination and brain magnetic resonance imaging showed no abnormalities. Electroencephalographic (EEG) monitoring for 24 h revealed spike-slow waves and slow waves with mixed asynchronized spike waves originating from the frontal lobe during the sleep stage, and there was also a tendency for slight generalization. Transient outbreaks of spike-slow complex waves (lasting for 1-2 s) were observed in all leads (Figure 1 ). Laboratory examinations, an electrocardiogram, and cardiac color ultrasound were all normal. The diagnosis of frontal lobe epilepsy (generalized tonic-clonic seizures secondary to focal impaired awareness seizures and myoclonus) was made. Oral sodium valproate with a dosage of 500 mg/day was prescribed, and no epileptic seizures were observed thereafter. However, 2 months later, our patient suddenly died on her way to school. The death was unwitnessed, and surveillance video showed that the girl fell over suddenly during walking with generalized tonic-clonic seizures, which manifested as four-limb convulsions, blood in the mouth, and urinary incontinence. No post-mortem examination was performed. The death was considered to be associated with SUDEP.
This study was approved by the Institutional Review Board and Ethics Committee of The First Hospital of Jilin University. Informed consent was obtained from the patient's parents.
Discussion
SUDEP has gained more attention recently, and it has been a hot focus of epilepsy research. There are six SUDEP subtypes that are classified according to the following diagnostic criteria. 7 (1) Definite SUDEP is sudden, unexpected, nontraumatic, and nondrowning death of an individual with epilepsy, occurring in a safe situation, witnessed or unwitnessed, with or without a prior seizure. Status epilepticus can be excluded, and a post-mortem examination shows no specific cause of death. (2) Definite SUDEP plus satisfies the definition of definite SUDEP, as well as the possibility that a concomitant death-causing factor can be identified before or after death, the death may be caused by the combined effect of both conditions, or if post-mortem examination or direct observation of the death cannot identify a definitive cause of death. (3) Probable SUDEP/probable SUDEP plus satisfies the definition of definite SUDEP, but without post-mortem evidence. The individual dies unexpectedly in a healthy condition and in a safe situation, with no definite organic cause of death. 4) Possible SUDEP is defined as when there is a competing cause of death. 5) Near-SUDEP/near-SUDEP plus is defined as when an individual experiences cardiorespiratory arrest without any organic cause, surviving for more than 1 h after resuscitation. 6) Not SUDEP is defined as a definite cause of death rather than epilepsy. 7) Unclassified SUDEP is when information is incomplete, and thus case classification is impossible. In the current case, the girl suddenly fell over when she was walking on her way to school, and the circumstances were safe. There was no witness and no post-mortem examination was performed. This condition is consistent with probable SUDEP.
According to previous reports, the risk factors of SUDEP are variable, including potential genetic predisposition, male sex, onset at a young age, frequent convulsive seizures, and multidrug therapy 5 . A recent study showed that the foremost and definitive risk factor of SUDEP is frequent, generalized tonic-clonic seizures. Individuals with three or more generalized tonic-clonic seizures per year have a 15-fold higher risk of SUDEP.
8 SUDEP-associated risk factors with low evidence include the following: nocturnal epileptic seizures, use of antiepileptic drugs, use of lamotrigine in female patients, untreated with antiepileptic drugs, the number of antiepileptic drugs used overall, variable heart rate, extratemporal epilepsy, mental/intellectual deficiency, and use of anxiolytic drugs. Other potential risk factors of SUDEP with very low evidence or conflicting evidence are as follows: overall seizure frequency evaluated based on all seizure types, medically refractory epilepsy, uncontrolled seizures, monotherapy or polytherapy with antiepileptic drugs (carbamazepine, phenytoin, or sodium valproate), dosage of antiepileptic drugs (above, below, or within the reference range), onset age of epilepsy, structural lesion on magnetic resonance imaging, duration of epilepsy, use of psychotropic drugs, psychological disorders, idiopathic or localization-related epilepsy, pulmonary disorders, alcohol abuse, use of lamotrigine in patients with refractory epilepsy, frequent changes in antiepileptic drugs, monitoring of antiepileptic drugs, undergoing surgical resection, Engel scores following surgery for epilepsy, postictal EEG suppression, and use of a vagus nerve stimulator. 8 In the present case, the girl was diagnosed with epilepsy 13 years ago. Despite the long history of epilepsy, seizures were rare (five times in total). According to the EEG characteristics, the diagnosis of frontal lobe convulsive epilepsy with myoclonus was made. In previous reports, researchers found that sleep-related hypermotor epilepsy (nocturnal frontal lobe epilepsy) was associated with SUDEP, with an incidence of 0.36 per 1000 person-years. 9 These findings are inconsistent with the current case. Our patient had infrequent seizures, and the frontal lobe epilepsy attack occurred during the daytime. Therefore, there may be multiple complicated factors underlying the occurrence of SUDEP.
The pathogenesis of SUDEP is still debatable. There have been several theoretical hypotheses, including sinus bradycardia or cardiac arrest, respiratory depression, brain dysfunction, autonomic dysfunction, and abnormal central regulation. 10, 11 Sudden cardiac arrest and apnea have been considered as direct causes of SUDEP. 7, 12 However, some other researchers have proposed that respiratory and circulation dysfunction is caused by cerebral disturbances. 13 In most cases, SUDEP occurs following generalized tonic-clonic seizures, suggesting that seizures may play a major role in SUDEP. The pathophysiology of SUDEP appears complex and may involve variable factors, such as loss of arousal, time of day, position of the patient during the seizures, intrinsic pulmonary and cardiac dysfunction, and genetic mutations that predispose patients with epilepsy to seizure-induced cardiorespiratory dysfunction.
14 Impaired breathing is thought to play a critical role in SUDEP. When seizures spread to the amygdala from the forebrain sites, central apnea and O 2 desaturation occur. 15 In the current case, the cause of death was frontal lobe epilepsy. The frontal lobe, which accounts for the majority of the cerebral cortex, has extensive fiber connections with the temporal lobe and insular cortex. 16 Therefore, we speculate that frontal lobe epilepsy may cause extensive disturbances in the cerebral cortex, eventually leading to cardiac arrest. However, the exact pathogenetic mechanisms still require further research.
Conclusion
We present a girl with frontal lobe epilepsy who succumbed to SUDEP. The causes of SUDEP are complicated, and frontal lobe epilepsy may be a potential risk factor of this condition. Early diagnosis and appropriate treatment of epileptic seizures, as well as close observation, should be highlighted.
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